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FIG. 8
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FIG. 10
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METHOD FOR MANUFACTURING
THREE-DIMENSIONAL SHAPED OBJECT
AND THREE-DIMENSIONAL SHAPING
APPARATUS

The present application is based on, and claims priority
from JP Application Serial Number 2021-029759, filed Feb.
26, 2021, the disclosure of which is hereby incorporated by
reference herein in its entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to a method for manufac-
turing a three-dimensional shaped object and a three-dimen-
sional shaping apparatus.

2. Related Art

Various manufacturing methods are known for shaping a
three-dimensional shaped object by ejecting a plasticized
material, which is generated by plasticizing a thermoplastic
resin, onto a stage from a nozzle. For example, the following
WO15/182675 discloses a technique of shaping a three-
dimensional shaped object including a fiber material inside
by introducing the fiber material such as a carbon fiber into
a thermoplastic resin such as a filament that is heated and
softened and ejecting the fiber material from a nozzle.
According to the technique of WO15/182675, strength of the
three-dimensional shaped object can be increased by intro-
ducing the fiber material into the inside of the three-dimen-
sional shaped object.

In the technique of WO15/182675, when the three-dimen-
sional shaped object is shaped by introducing the fiber
material into a plasticized material that is generated by
plasticizing the thermoplastic resin, the plasticized material
may not be compatible with a surface of the fiber material,
and air bubbles may be mixed into the plasticized material.
Such inclusion of air bubbles may cause a decrease in
strength of the three-dimensional shaped object to be
shaped.

SUMMARY

The present disclosure is intended to solve the above-
described problem, and can be realized as the following
application examples.

A method for manufacturing a three-dimensional shaped
object according to an application example of the present
disclosure includes: a plasticizing step of plasticizing at least
a part of a shaping material containing a thermoplastic resin
to generate a plasticized material; a fiber introducing step
including at least one of a step of introducing a covered fiber
material, which is a fiber material covered with a covering
material, into the plasticized material after being discharged
from the nozzle opening, and a step of introducing the
covered fiber material into the shaping material or the
plasticized material before being discharged from the nozzle
opening; and a shaping step of shaping a three-dimensional
shaped object including the covered fiber material.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, an absolute value of a difference
between an SP value of the thermoplastic resin and an SP
value of the covering material is 5.0 or less.
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In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the covering material includes a
thermoplastic resin of the same type as the thermoplastic
resin contained in the plasticized material.

A method for manufacturing a three-dimensional shaped
object according to another application example of the
present disclosure includes a covering step of, before the
fiber introducing step, generating the covered fiber material
by passing the fiber material through a storage portion in
which the covering material is stored.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the plasticizing step includes, in a
plasticizing apparatus that includes a flat screw that has a
groove forming surface in which a groove portion is formed,
a facing portion that has a facing surface facing the groove
forming surface and that is formed with a communication
hole communicating with the nozzle opening, and a heater
that is configured to heat the flat screw or the facing portion,
a step of guiding at least a part of the thermoplastic resin
supplied between the flat screw and the facing portion to the
communication hole while plasticizing the thermoplastic
resin by rotation of the flat screw and heating of the heater.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the groove forming surface or the
facing surface has an introduction groove that is configured
to guide the fiber material from a side of the flat screw or the
facing portion to the communication hole, and in the fiber
introducing step, the covered fiber material is introduced
into the shaping material through the introduction groove.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the flat screw has a through hole that
is opened in the groove forming surface and that commu-
nicates with the communication hole. The fiber introducing
step includes a step of introducing the covered fiber material
into the plasticized material through the through hole.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the fiber introducing step includes a
pressure control step of controlling a pressure in the through
hole to be higher than a pressure in the communication hole.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the shaping step includes: a moving
step of relatively moving a stage at which the three-dimen-
sional shaped object is supported and a nozzle unit having
the nozzle opening, and a fiber introduction control step of
changing an introduction speed at which the covered fiber
material is introduced into the shaping material or the
plasticized material in accordance with a relative movement
speed between the nozzle unit and the stage in the moving
step.

A method for manufacturing a three-dimensional shaped
object according to another application example of the
present disclosure includes a cutting step of cutting the fiber
material before or after the fiber introducing step.

In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the cutting step includes a step of
cutting the covered fiber material by operating a discharge
amount control mechanism that is provided upstream of the
nozzle opening and that is configured to control a discharge
amount of the plasticized material.
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In a method for manufacturing a three-dimensional
shaped object according to another application example of
the present disclosure, the discharge amount control mecha-
nism is driven by a motor, and the fiber introducing step
includes a step of transmitting a driving force generated by
the motor to a conveying unit of the covered fiber material
to convey the covered fiber material.

A three-dimensional shaping apparatus according to
another application example of the present disclosure
includes: a plasticizing unit configured to plasticize at least
a part of a shaping material containing a thermoplastic resin
to generate a plasticized material; a discharging unit having
a nozzle opening; a fiber introducing unit having at least one
of a function of introducing a covered fiber material, which
is a fiber material covered with a covering material, into the
plasticized material after being discharged from the nozzle
opening, and a function of introducing the covered fiber
material into the shaping material or the plasticized material
before being discharged from the nozzle opening; and a
control unit configured to control the plasticizing unit, the
discharging unit, and the fiber introducing unit to shape a
three-dimensional shaped object including the covered fiber
material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a configuration of
a three-dimensional shaping apparatus according to a first
embodiment.

FIG. 2 is a schematic perspective view showing a con-
figuration of a flat screw.

FIG. 3 is a schematic plan view showing a configuration
of a facing surface of a facing portion.

FIG. 4 is a schematic diagram schematically showing how
a three-dimensional shaped object is shaped.

FIG. 5 is a schematic cross-sectional view showing a
configuration of a fiber material.

FIG. 6 is a flowchart showing steps executed in shaping
processing according to the first embodiment.

FIG. 7 is a schematic diagram showing a configuration of
a three-dimensional shaping apparatus according to a second
embodiment.

FIG. 8 is a flowchart showing steps executed in shaping
processing according to the second embodiment.

FIG. 9 is a schematic diagram showing a configuration of
a three-dimensional shaping apparatus according to a third
embodiment.

FIG. 10 is a flowchart showing steps executed in shaping
processing according to a fourth embodiment.

FIG. 11 is a schematic diagram showing a configuration
of a three-dimensional shaping apparatus according to a fifth
embodiment.

FIG. 12 is a flowchart showing steps executed in shaping
processing according to the fifth embodiment.

FIG. 13 is a schematic diagram showing a configuration
of a three-dimensional shaping apparatus according to a
sixth embodiment.

FIG. 14 is a schematic diagram showing a configuration
of a three-dimensional shaping apparatus according to a
seventh embodiment.

FIG. 15 is a schematic diagram showing a configuration
of a discharge amount control mechanism according to the
seventh embodiment.

FIG. 16 is a schematic diagram showing a mechanism in
which the discharge amount control mechanism according to
the seventh embodiment cuts the fiber material.
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FIG. 17 is a schematic diagram showing a configuration
of a discharge amount control mechanism according to an
eighth embodiment.

FIG. 18 is a schematic diagram showing a mechanism in
which the discharge amount control mechanism according to
the eighth embodiment cuts the fiber material.

FIG. 19 is a schematic diagram showing a configuration
of a three-dimensional shaping apparatus according to a
ninth embodiment.

FIG. 20 is a flowchart showing steps executed in shaping
processing according to the ninth embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, a method for manufacturing a three-dimen-
sional shaped object and a three-dimensional shaping appa-
ratus according to the present disclosure will be described in
detail based on embodiments shown in the drawings.

1 First Embodiment

FIG. 1 is a schematic diagram showing a configuration of
a three-dimensional shaping apparatus 100a that executes a
method for manufacturing a three-dimensional shaped
object according to a first embodiment. FIG. 1 shows arrows
indicating X, Y, and Z directions orthogonal to one another.
The X direction and the Y direction are directions parallel to
a horizontal plane, and the Z direction is a direction opposite
to a gravity direction. The arrows indicating the X, Y, and Z
directions are also shown in other drawings to be referred as
necessary so as to correspond to FIG. 1.

The three-dimensional shaping apparatus 100a includes a
control unit 10, a discharging unit 20, and a shaping stage
unit 70. Under control of the control unit 10, the discharging
unit 20 laminates shaping layers formed by discharging a
plasticized material to the shaping stage unit 70, so that the
three-dimensional shaping apparatus 100a shapes a three-
dimensional shaped object. Hereinafter, the “three-dimen-
sional shaped object” is also simply referred to as a “shaped
object”, and the “three-dimensional shaping apparatus™ is
also referred to as a “shaping apparatus”.

The control unit 10 controls an operation of the entire
shaping apparatus 100a to execute shaping processing of
shaping a shaped object. In the first embodiment, the control
unit 10 is a computer including one or a plurality of
processors (CPUs) and a main storage device (RAM). By the
processor executing programs and commands read into the
main storage device, the control unit 10 exerts various
functions. At least a part of the functions of the control unit
10 may be implemented by a hardware circuit.

The discharging unit 20 includes a material generation
unit 21, a fiber introducing unit 23, and a nozzle unit 25. The
material generation unit 21 plasticizes at least a part of the
shaping material containing the thermoplastic resin to gen-
erate the plasticized material. The plasticized material will
be described later. The fiber introducing unit 23 introduces
a fiber material FB into the plasticized material generated by
the material generation unit 21. In the present embodiment,
the fiber material FB is formed of a covered fiber material in
which a surface thereof is covered with a covering material
to be described later. The fiber material FB will be described
later. The nozzle unit 25 discharges the plasticized material.
More detailed configurations of the material generation unit
21, the nozzle unit 25, and the fiber introducing unit 23 will
be described below in this order.
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The material generation unit 21 includes a material supply
unit 30 and a plasticizing unit 35. The material supply unit
30 supplies the shaping material, which is a raw material for
generating the plasticized material, to the plasticizing unit
35. In the present embodiment, the material supply unit 30
is configured as a so-called hopper, and includes a material
accommodation unit 31 that accommodates a supplied shap-
ing material, and a communication path 32 that is coupled to
a discharge port below the material supply unit 30 and that
guides the shaping material from the material supply unit 30
to the plasticizing unit 35.

The shaping material is supplied to the material supply
unit 30 in a form of pellets. The shaping material contains a
thermoplastic resin as a main component. Examples of the
thermoplastic resin contained in the shaping material
include, for example, polypropylene resin (PP), polyethyl-
ene resin (PE), polyacetal resin (POM), polyvinyl chloride
resin (PVC), polyamide resin (PA), acrylonitrile-butadiene-
styrene resin (ABS), polylactic acid resin (PLA), polyphe-
nylene sulfide resin (PPS), polyether ether ketone (PEEK),
polycarbonate (PC), and the like. In addition to the above-
described thermoplastic resin, a pigment, a metal, a ceramic,
or the like may be mixed in the shaping material to be
supplied to the material supply unit 30. The shaping material
may not be supplied to the material supply unit 30 as pellets,
and may be supplied in a state of a solid material such as
powder.

The plasticizing unit 35 plasticizes at least a part of the
thermoplastic resin contained in the shaping material sup-
plied from the material supply unit 30 to generate the
plasticized material, and sends the plasticized material to the
nozzle unit 25. The plasticizing unit 35 can also be referred
to as a plasticizing apparatus 35. The plasticizing unit 35
includes a screw case 36, a drive motor 37, a flat screw 40,
and a facing portion 50.

The flat screw 40 is a substantially cylindrical screw
whose height in an axial direction along a rotation axis RX
is smaller than a diameter. The rotation axis RX coincides
with a central axis of the flat screw 40. In FIG. 1, the rotation
axis RX of the flat screw 40 is shown by a dashed line. The
flat screw 40 is disposed on the facing portion 50 such that
the rotation axis RX is parallel to the Z direction, and rotates
in a circumferential direction. A lower surface 41 of the flat
screw 40 facing the facing portion 50 has a spiral groove
portion 42 extending from a side surface toward the rotation
axis RX. Hereinafter, the lower surface 41 of the flat screw
40 is also referred to as a “groove forming surface 41”. The
communication path 32 of the material supply unit 30 is
coupled to the groove portion 42 at a side surface of the flat
screw 40. A specific configuration of the flat screw 40 will
be described later.

The flat screw 40 is housed in the screw case 36. An upper
surface 43 of the flat screw 40 is coupled to the drive motor
37. The flat screw 40 is rotated in the screw case 36 by a
rotational driving force generated by the driving motor 37.
The drive motor 37 is driven under the control of the control
unit 10.

The facing portion 50 is also referred to as a barrel, and
is configured by a substantially cylindrical member whose
height in a direction along a central axis is smaller than a
diameter thereof. In the present embodiment, the facing
portion 50 is disposed such that the central axis thereof
coincides with the rotation axis RX of the flat screw 40.

The facing portion 50 has a facing surface 51 facing the
groove forming surface 41 of the flat screw 40. A space is
formed between the groove portion 42 of the groove forming
surface 41 and the facing surface 51 of the facing portion 50.
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The shaping material supplied from the material supply unit
30 flows into this space from the side surface of the flat
screw 40. The shaping material supplied to the space in the
groove portion 42 is guided to a center of the flat screw 40
by rotation of the spiral groove portion 42 when the flat
screw 40 rotates.

A heater 52 for heating the shaping material is embedded
in the facing surface 51 of the facing portion 50. The heater
52 heats the flat screw 40 or the facing portion 50. In another
embodiment, the heater 52 may be embedded in the flat
screw 40, or may be disposed separately from the flat screw
40 or the facing portion 50. A communication hole 53, which
penetrates the facing portion 50 along a central axis of the
facing portion 50, is provided at a center of the facing
surface 51. As will be described later, the communication
hole 53 communicates with a nozzle opening 28 via an
introduction flow path 26 and a nozzle flow path of the
nozzle unit 25. The communication hole 53 constitutes a
flow path having a substantially circular cross section. While
the thermoplastic resin contained in the shaping material is
plasticized and converted into the plasticized material by the
heating of the heater 52, the shaping material supplied to the
groove portion 42 of the flat screw 40 is guided to the
communication hole 53 opened at the center of the facing
surface 51 along the groove portion 42 by rotation of the flat
screw 40. A downstream end of the communication hole 53
is coupled to the nozzle unit 25. The plasticized material
generated by the rotation of the flat screw 40 is supplied to
the nozzle unit 25 through the communication hole 53.

In the present embodiment, the facing surface 51 of the
facing portion 50 has an introduction groove 57 that guides
the fiber material FB from the side of the flat screw 40 or a
side of the facing portion 50 to the communication hole 53.
In FIG. 1, the introduction groove 57 is shown by a broken
line for convenience. A configuration of the introduction
groove 57 will be described later.

The nozzle unit 25 includes the introduction flow path 26,
the nozzle flow path 27, the nozzle opening 28, and a
discharge amount control mechanism 80. The introduction
flow path 26 is coupled to the downstream end of the
communication hole 53 of the facing portion 50, and is
formed linearly from the downstream end of the communi-
cation hole 53 along the Z direction. The introduction flow
path 26 constitutes a flow path having a substantially cir-
cular cross section, and is formed such that a central axis of
the introduction flow path coincides with the rotation axis
RX of the flat screw 40. In the present embodiment, a
diameter of the introduction flow path 26 is substantially
equal to a diameter of the communication hole 53 of the
facing portion 50.

The nozzle flow path 27 is coupled to a downstream end
of' the introduction flow path 26, and is formed linearly from
the downstream end of the introduction flow path 26 along
the Z direction. The nozzle flow path 27 constitutes a flow
path having a substantially circular cross section, and is
formed such that a central axis of the nozzle flow path
coincides with the rotation axis RX of the flat screw 40. The
nozzle flow path 27 has a reduced diameter at a downstream
end portion thereof. In the present embodiment, the diameter
of'the nozzle flow path 27 is, except for the downstream end
portion thereof, substantially equal to the diameter of the
introduction flow path 26. The nozzle opening 28 is an
opening having a hole diameter Dn that is formed at the
downstream end portion of the nozzle flow path 27 and that
opens in the Z direction. The hole diameter Dn of the nozzle
opening 28 may be, for example, from 50 pm to 3 mm. In
another embodiment, the hole diameter Dn may be smaller
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than 50 pm or larger than 3 mm. The plasticized material
introduced from the material generation unit 21 to the nozzle
unit 25 is discharged from the nozzle opening 28 via the
introduction flow path 26 and the nozzle flow path 27.

The discharge amount control mechanism 80 is provided
in the introduction flow path 26. The discharge amount
control mechanism 80 controls a flow rate of the plasticized
material in the introduction flow path 26 to control a
discharge amount of the plasticized material from the nozzle
opening 28. In the present embodiment, the discharge
amount control mechanism 80 is configured by a butterfly
valve that is a valve element that rotates in the introduction
flow path 26 under the control of the control unit 10. An
opening area of the introduction flow path 26 varies depend-
ing on a rotation angle of the butterfly valve. The control unit
10 controls the flow rate of the plasticized material in the
introduction flow path 26 by controlling the rotation angle of
the valve element. The discharge amount control mechanism
80 can close the introduction flow path 26 so as to stop a
flow of the plasticized material in the introduction flow path
26. The discharge amount control mechanism 80 may not be
provided in the introduction flow path 26, and may be
provided in the nozzle flow path 27. In addition, the dis-
charge amount control mechanism 80 may not be provided
in the nozzle unit 25, and may be provided in the commu-
nication hole 53 of the facing portion 50, for example. The
discharge amount control mechanism 80 may be omitted, or
may be a configuration other than the butterfly valve.

The fiber introducing unit 23 has a function of introducing
the fiber material FB into the plasticized material before
being discharged from the nozzle opening 28 under the
control of the control unit 10. In the present embodiment, the
fiber material FB is a continuous linear member wound
around a reel 62 to be described later. In addition, the fiber
material FB is configured by a fiber bundle in which a
plurality of fibers are bundled. In the present embodiment,
the fiber material FB has a configuration in which a plurality
of carbon fibers are bundled by a sizing agent. In another
embodiment, the fiber material FB may not be formed of
carbon fibers, may be formed of, for example, glass fibers,
or may be formed of various fibers having a higher elastic
modulus than the resin material.

The fiber diameter of the fiber material FB may be, for
example, from 10 pm to the hole diameter Dn of the nozzle
opening 28. In the present embodiment, since the hole
diameter Dn of the nozzle opening 28 is 3 mm or less as
described above, the fiber diameter of the fiber material FB
may be 3 mm or less. In the present disclosure, the “fiber
diameter” of the fiber material corresponds to a dimension of
a maximum width in a cross section orthogonal to a length
direction of the fiber material. Therefore, for example, when
a cross-sectional shape of the fiber material is substantially
a circle, the fiber diameter corresponds to a maximum value
of a diameter of the circle. When the cross-sectional shape
of the fiber material is substantially a quadrangle, the fiber
diameter corresponds to the larger one of side lengths of the
quadrangle. When the cross-sectional shape of the fiber
material is substantially an ellipse, the fiber diameter cor-
responds to a major axis of the ellipse. In the present
embodiment, the cross section of the fiber material FB
perpendicular to the length direction has a substantially
circular shape. In the present embodiment, a surface of the
fiber material FB is covered with a covering material CM in
advance. The covering material CM will be described later.

The fiber introducing unit 23 includes a conveying unit 60
that conveys the fiber material FB in order to introduce the
fiber material FB. The conveying unit 60 includes an accom-
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modation unit 63 that accommodates the fiber material FB
wound around the reel 62, a conveying path that sends out
the fiber material FB from the accommodation unit 63, and
a cutting unit 66 that cuts the fiber material FB.

The accommodation unit 63 is provided with a conveying
motor, which is not shown, that generates a conveying force
for rotating the reel 62 to send out the fiber material FB
through the conveying path 65. A rotation speed of the
conveying motor is controlled by the control unit 10. The
conveying path 65 is a cylindrical tubular member through
which the fiber material FB is inserted. In the present
embodiment, the conveying path 65 is coupled to the intro-
duction groove 57 of the facing portion 50. At an inlet of the
introduction groove 57, the fiber material FB that is con-
veyed to the introduction groove 57 through the conveying
path 65 is introduced into the shaping material to be supplied
to a material inlet 46 of the flat screw 40. The fiber material
FB is guided to the communication hole 53 along the
introduction groove 57 by the rotation of the flat screw 40
and a flow of the plasticized material toward the communi-
cation hole 53 during the plasticization, and is discharged
from the nozzle opening 28 together with the plasticized
material. Shaping of the shaped object by discharging the
plasticized material will be described later.

The cutting unit 66 is disposed in the middle of the
conveying path 65, and cuts the fiber material FB to be sent
out through the conveying path 65 under the control of the
control unit 10. The cutting unit 66 may be configured by, for
example, a mechanism in which a cutter blade protrudes by
a solenoid mechanism to cut the fiber material FB. In
another embodiment, the cutting unit 66 may be a configu-
ration of cutting the fiber material FB by emitting a laser.

The shaping stage unit 70 is disposed at a position at
which the shaping stage unit faces the nozzle opening 28 of
the discharging unit 20. The shaping stage unit 70 includes
a stage 72 that supports the shaped object, a shaping table 73
that is placed on the stage 72, and a moving mechanism 75
that is configured to move the stage 72 in the X, Y, and Z
directions. The stage 72 is formed of a plate-shaped member
and has a stage surface 72s arranged along a horizontal
direction. The shaping table 73 is formed of a plate-shaped
member, is placed on the stage surface 72s, and receives the
plasticized material discharged from the nozzle opening 28.
The moving mechanism 75 is configured as a three-axis
positioner that moves the stage 72 in three axial directions
of the X, Y, and Z directions, and includes three motors M
that generate driving forces under the control of the control
unit 10. In the shaping processing, the control unit 10
controls the moving mechanism 75 to relatively move the
nozzle unit 25 and the stage 72.

In another embodiment, instead of the configuration in
which the stage 72 is moved by the moving mechanism 75,
a configuration may be adopted in which the moving mecha-
nism 75 moves, in a state in which a position of the stage 72
is fixed, the nozzle unit 25 with respect to the stage 72. Even
with such a configuration, the stage and the nozzle unit 25
can be relatively moved. In another embodiment, a configu-
ration may be adopted in which the moving mechanism 75
moves each of the stage 72 and the nozzle unit 25 to change
a relative position between the stage 72 and the nozzle unit
25.

FIG. 2 is a schematic perspective view showing the
configuration of the flat screw 40 when viewed from the
groove forming surface 41 side. In FIG. 2, the rotation axis
RX of the flat screw 40 is shown by a dashed line. In the
present embodiment, the flat screw 40 has a configuration in
which three groove portions 42 extend in parallel in a spiral
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arc toward a central portion 45 of the flat screw 40. The
groove portions 42 are respectively defined by three ridge
portions 44 extending spirally toward a recessed portion of
the central portion 45.

The number of the groove portions 42 of the flat screw 40
may not be three. The flat screw 40 may have only one
groove portion 42, or may have two or more groove portions
42. In addition, any number of the ridge portions 44 may be
provided in accordance with the number of the groove
portions 42. Further, the groove portion 42 may extend in a
spiral arc, and may not necessarily extend spirally.

One end of the groove portion 42 is opened at the side
surface of the flat screw 40, and constitutes the material inlet
46 that receives the shaping material supplied from the
communication path 32. The groove portion 42 continues to
the central portion 45 of the flat screw 40, and the other end
of the groove portion 42 is coupled to the central portion 45
of the flat screw 40. The central portion 45 of the flat screw
40 constitutes a recessed portion in which the plasticized
material gathers. The plasticized material is formed by
plasticizing the thermoplastic resin of the shaping material.

FIG. 3 is a schematic plan view showing a configuration
of the facing surface 51 of the facing portion 50. As
described above, the facing surface 51 faces the groove
forming surface 41 of the flat screw 40. At the center of the
facing surface 51, the above-described communication hole
53, which is used for supplying the plasticized material
flowing into the central portion 45 of the flat screw 40 to the
nozzle unit 25, is opened. The facing surface 51 has a
plurality of guide grooves 55 that have one end coupled to
the communication hole 53, and that extend spirally from the
communication hole 53 toward an outer periphery. The
guide groove 55 has a function of guiding the plasticized
material to the communication hole 53.

The heater 52 shown in FIG. 1 is embedded in the facing
portion 50. The plasticization of the thermoplastic resin in
the plasticizing unit 35 is achieved by the heating of the
heater 52 in the facing portion 50 and the rotation of the flat
screw 40. According to the shaping apparatus 100a, a size of
an apparatus configuration for plasticizing the thermoplastic
resin can be reduced with the flat screw 40. In addition,
according to the shaping apparatus 100a, control of a
pressure or the flow rate of the plasticized material to be
supplied to the nozzle unit 25 can be facilitated by rotation
control of the flat screw 40. Therefore, accuracy of discharg-
ing the plasticized material from the nozzle unit 25 can be
increased, and accuracy of shaping the shaped object can be
increased.

As described above, the facing surface 51 of the facing
portion 50 further has the introduction groove 57. The
introduction groove 57 is formed to avoid interference with
the guide groove 55 from an outer peripheral end of the
facing surface 51 to the communication hole 53. As
described above, the fiber introducing unit 23 introduces the
fiber material FB from the side of the flat screw 40 to the
introduction groove 57, and guides the fiber material FB to
the communication hole 53 along the introduction groove
57.

FIG. 4 is a schematic diagram schematically showing how
a shaping layer ML formed by discharging a plasticized
material MM from the nozzle opening 28 is laminated to
shape a shaped object OB in the shaping apparatus 100a. In
FIG. 4, the fiber material FB is shown by a broken line for
convenience.

In the shaping processing of the shaping apparatus 100a,
the plasticized material MM is discharged together with the
fiber material FB from the nozzle opening 28 while the
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nozzle unit 25 and the stage 72 are relatively moved in the
horizontal direction. Thus, the plasticized material MM is
linearly deposited on the stage 72 in a state in which the
plasticized material MM contains the fiber material FB so as
to draw a movement trajectory of the nozzle opening 28, and
the shaping layer ML is formed. The shaped object OB is
formed by further discharging the plasticized material MM
onto the shaping layer ML and laminating the shaping layer
ML.

In the shaping apparatus 100a, a gap G is maintained
between the nozzle opening 28 and an upper surface OBt of
the shaped object OB being shaped. Here, “the upper surface
OBt of the shaped object OB” refers to a planned place
where the plasticized material MM discharged from the
nozzle opening 28 is to be deposited near a position directly
below the nozzle opening 28. The gap G is adjusted by the
moving mechanism 75 changing a relative position between
the stage 72 and the nozzle opening 28 in the Z direction.

A size of the gap G is preferably equal to or smaller than
the hole diameter Dn of the nozzle opening 28 shown in FIG.
1, and more preferably equal to or smaller than 0.8 times the
hole diameter Dn. Thus, the plasticized material MM dis-
charged from the nozzle opening 28 can be deposited on the
upper surface OBt of the shaped object OB, while suffi-
ciently securing a contact surface with the upper surface OBt
of the shaped object OB being shaped. As a result, genera-
tion of a gap in a cross section of the shaping layer ML and
deformation of a shape of the upper surface OBt of the
shaped object OB can be prevented, strength of the shaped
object OB can be secured, and a surface roughness of the
shaped object OB can be reduced. In a configuration in
which the heater is provided around the nozzle opening 28,
by forming the gap G, a decrease in a temperature of the
upper surface OBt of the shaped object OB can be appro-
priately controlled by the heater, and a decrease in adhesion
between the laminated shaping layers ML can be prevented.
Therefore, interlayer strength of the shaped object OB can
be secured. Further, by forming the gap G, shape collapse,
discoloration, and deterioration due to overheating of the
deposited plasticized material MM by the heater can be
prevented.

The size of the gap G is preferably 0.5 times or less the
hole diameter Dn, and particularly preferably 0.3 times or
less the hole diameter Dn. Accordingly, the plasticized
material MM can be accurately deposited at the planned
place. A decrease in adhesion between the plasticized mate-
rial MM and the upper surface OBt, when the plasticized
material MM is discharged to the upper surface OBt of the
shaped object OB, can be prevented, and a decrease in the
adhesion between the laminated shaping layers ML can be
prevented.

In the present embodiment, the plasticized material MM
solidifies due to a decrease in a temperature after being
discharged from the nozzle opening 28. In another embodi-
ment, the plasticized material MM may be a material that is
cured by a sintering step of sintering the shaped object OB
in a sintering furnace after the shaping of the shaped object
OB is completed. Further, the plasticized material MM may
be a material that is photocured by irradiation with an
ultraviolet laser after being discharged from the nozzle
opening 28. In this case, the shaping apparatus 100a may
include a laser irradiation device for curing the plasticized
material MM.

FIG. 5 is a schematic cross-sectional view showing a
cross section passing through the central axis of the fiber
material FB that is introduced by the fiber introducing unit
23. In the present embodiment, the surface of the fiber
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material FB is covered with the covering material CM.
Accordingly, when the fiber material FB that is introduced
into the shaping material is mixed with the plasticized
material in the flat screw 40, air bubbles can be prevented
from adhering to the surface of the fiber material FB and
being mixed in the plasticized material. Therefore, a
decrease in strength of the shaped object due to the mixing
of the air bubbles into the plasticized material can be
prevented.

The covering material CM preferably covers the entire
surface of the fiber material FB, but may not completely
cover the entire surface of the fiber material FB. A part of the
fiber material FB may be exposed from the covering mate-
rial CM. For example, 50% or more of a surface area of the
fiber material FB may be exposed from the covering mate-
rial CM.

The covering material CM is made of a material that is
more compatible with the plasticized material than the
surface of the fiber material FB. In the present embodiment,
an absolute value of a difference between an SP value of the
thermoplastic resin contained in the shaping material and an
SP value of the covering material CM is 5.0 or less. The “SP
value” is also referred to as a solubility parameter, which is
a physical property value indicating solubility of a polymer
material in a solvent. In general, polymer materials are more
soluble in solvents with closer SP values. The absolute value
is preferably 3.0 or less, and more preferably 1.0 or less.
Accordingly, the surface of the fiber material FB and the
plasticized material can be more easily compatible with each
other, and air bubbles can be further prevented from being
mixed into the plasticized material.

In the present embodiment, the covering material CM
includes a thermoplastic resin of the same type as the
thermoplastic resin of plasticized material. When the ther-
moplastic resin of the plasticized material is ABS, the
covering material CM includes ABS. Alternatively, when the
thermoplastic resin of the plasticized material is ABS, the
covering material CM may contain polystyrene, nylon,
PEEK, or the like. When the thermoplastic resin of the
plasticized material is nylon, the covering material CM
includes nylon. Alternatively, when the thermoplastic resin
of the plasticized material is nylon, the covering material
CM may include ABS, polystyrene, PEEK, or the like. When
the thermoplastic resin of the plasticized material is poly-
styrene, the covering material CM contains polystyrene.
Alternatively, when the thermoplastic resin of the plasticized
material is polystyrene, the covering material CM may
include ABS, nylon, PEEK, or the like. Accordingly, since
the covering material CM is more easily compatible with the
thermoplastic resin of the plasticized material, air bubbles
can be further prevented from being mixed into the plasti-
cized material.

FIG. 6 is a flowchart showing steps executed in the
shaping processing by the shaping apparatus 100a. In the
shaping processing, the control unit 10 mainly controls the
plasticizing unit 35, the discharging unit 20, and the fiber
introducing unit 23 to shape the shaped object including the
fiber material FB that is the covered fiber material. The
shaping processing is executed based on shaping data for
forming a shaping layer that constitutes the shaped object.
The shaping data is generated based on three-dimensional
shape data that represent a shape of the shaped object, such
as three-dimensional CAD data. The shaping data includes,
for example, information on a position of the shaping layer
in the shaped object, information on a dimension of the
shaping layer, information on a movement path of the nozzle
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opening 28, information on the discharge amount of the
plasticized material, and the like.

Steps P10 and P20 correspond to a plasticizing step of
plasticizing at least a part of the shaping material containing
the thermoplastic resin to generate the plasticized material
used for shaping the shaped object. During the shaping
processing, step P10 and step P20 are executed in parallel.
Step P10 is intermittently executed under the control of the
control unit 10 during the shaping processing, step P20
continues to be executed at least while steps P30 to P50 to
be described below are executed during the shaping pro-
cessing.

Step P10 is a step executed by the fiber introducing unit
23 under the control of the control unit 10, and corresponds
to the fiber introducing step. In the plasticizing step, step P10
corresponds to a step of introducing the fiber material FB
covered with the covering material CM into the shaping
material before being discharged from the nozzle opening
28. In step P10, the fiber material FB covered with the
covering material CM is introduced through the introduction
groove 57 from a position that is on the side of the facing
portion 50 and is on the side of the flat screw 40. As
described above, the fiber material FB is introduced into the
shaping material supplied from the material accommodation
unit 31 to the material inlet 46 of the flat screw 40 at the inlet
of the introduction groove 57.

As described above, the fiber introducing step in step P10
is intermittently executed under the control of the control
unit 10 during the shaping processing. The fiber introducing
unit 23 executes the introduction of the fiber material FB
when a command of introducing the fiber material FB is
issued from the control unit 10 at the time of executing the
discharge of the plasticized material from the nozzle open-
ing 28 in step P40 to be described later. In addition, the fiber
introducing unit 23 stops the introduction of the fiber
material FB when a command of stopping the introduction
of the fiber material FB is issued from the control unit 10.

In step P20, the plasticizing unit 35 of the material
generation unit 21 plasticizes the shaping material to gen-
erate the plasticized material. In the present embodiment, as
described above, the thermoplastic resin is plasticized using
the flat screw 40. Step P20 includes a step of introducing the
shaping material of the material supply unit 30 into the
groove portion 42 of the flat screw 40 while rotating the flat
screw 40 in a state in which the flat screw 40 faces the facing
portion 50, and guiding at least a part of the thermoplastic
resin contained in the shaping material to the communica-
tion hole 53 of the facing portion 50 while plasticizing the
thermoplastic resin in the groove portion 42. That is, step
P20 includes a step of guiding at least a part of the
thermoplastic resin that is supplied between the flat screw 40
and the facing portion to the communication hole 53 while
plasticizing the thermoplastic resin by the rotation of the flat
screw 40 and the heating of the heater 52. As described
above, since the flat screw 40 is used in the plasticizing step,
a size of the plasticizing unit 35 is reduced. Further, since the
control of the pressure and the flow rate of the plasticized
material supplied to the nozzle unit 25 is facilitated by the
rotation control of the flat screw 40, the accuracy of dis-
charging the plasticized material from the nozzle unit 25 can
be increased, and the accuracy of shaping the shaped object
can be increased.

In steps P10 to P20 according to the present embodiment,
since the fiber material FB to be introduced into the plasti-
cized material discharged from the nozzle opening 28 is
covered with the covering material CM, air bubbles are
effectively prevented from being mixed into the plasticizing
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material due to a fact that the thermoplastic resin of the
plasticizing material and the fiber material FB are difficult to
be compatible with each other. Further, in steps P10 to P20
according to the present embodiment, the fiber material FB
covered with the covering material CM is sent, by the flat
screw 40, to the communication hole 53 together with the
plasticized material that is being plasticized. According to
this configuration, the plasticized material can be more
compatible with the fiber material FB by using a pressure in
the groove portion 42 of the flat screw 40 increasing toward
the communication hole 53. Therefore, air bubbles can be
further prevented from being mixed into the plasticizing
material when introducing the fiber material FB into the
plasticized material. The fiber material FB can be guided to
the communication hole 53 by using the rotation of the flat
screw 40, which is efficient.

Steps P30 to P50 correspond to an operation for one pass
in the shaping apparatus 100a. The “pass” refers to a
processing unit in which the nozzle opening 28 is scanned
while continuously discharging the plasticized material from
the nozzle opening 28 without interruption, and one con-
tinuous shaping part is formed on the stage 72. In the
shaping apparatus 100q, one shaping layer is formed by
executing a series of operations of steps P30 to P50 once or
more. In the shaping processing of the present embodiment,
steps P30 to P50 are repeated until all the shaping layers to
be laminated are formed, and the shaping of the shaped
object is completed.

The shaping apparatus 100a executes step P40 while
executing step P30.

Step P30 is a step that is executed by the moving
mechanism 75 under the control of the control unit 10, and
corresponds to a moving step of relatively moving the stage
72 and the nozzle unit 25. Under the control of the control
unit 10, the moving mechanism 75 relatively moves the
stage and the nozzle unit 25 at a relative movement speed
determined in advance based on the shaping data.

Step P40 corresponds to a discharging step in which the
discharging unit 20 discharges the plasticized material from
the nozzle opening 28 under the control of the control unit
10. The discharging unit 20 discharges the plasticized mate-
rial from the nozzle opening 28 in a discharge amount per
unit time determined in advance based on the shaping data.
The control unit 10 controls the discharge amount of the
plasticized material per unit time by controlling the number
of rotations of the flat screw 40 and an opening degree of the
discharge amount control mechanism 80.

In step P50, the control unit 10 stops the discharge of the
plasticized material from the nozzle opening 28 at a timing
when one pass ends. First, the control unit 10 controls the
cutting unit 66 to cut the fiber material FB, and stops the
introduction of the fiber material FB from the fiber intro-
ducing unit 23. Subsequently, the control unit 10 controls the
discharge amount control mechanism 80 to stop the supply
of the plasticized material to the nozzle unit 25. Thus, the
operation for one pass is completed. As described above,
step P50 includes a cutting step of cutting the fiber material
FB. Accordingly, adjustment of a length of the fiber material
FB to be introduced into the shaped object, control of
stopping the introduction of the fiber material FB into the
plasticized material, and the like can be easily executed.

In the shaping apparatus 100a, the shaping layer is formed
by discharging the plasticized material from the nozzle
opening 28 while relatively moving the nozzle unit 25 and
the stage 72. As described above, steps P30 to P50 are
repeated until all the shaping layers constituting the shaped
object are formed, and the shaped object including the fiber
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material FB, which is the covered fiber material, is shaped.
Steps P30 to P50 correspond to a shaping step of forming
shaping layers.

As described above, according to the method for manu-
facturing the shaped object executed by the shaping appa-
ratus 100a according to the first embodiment, the strength of
the shaped object is enhanced by introducing the fiber
material FB into the plasticized material constituting the
shaped object. Since the fiber material FB is introduced into
the plasticized material in a state of being covered with the
covering material CM, air bubbles are prevented from being
mixed into the plasticized material when introducing the
fiber material FB. Therefore, the decrease in strength of the
shaped object due to the mixing of air bubbles into the
plasticized material can be prevented.

2 Second Embodiment

FIG. 7 is a schematic diagram showing a configuration of
a shaping apparatus 1005 according to a second embodi-
ment. The shaping apparatus 1005 according to the second
embodiment has substantially the same configuration as that
of the shaping apparatus 100a according to the first embodi-
ment except that the fiber material FB wound around the reel
62 is not covered with the covering material CM and that a
storage portion 68 is added in the middle of the conveying
path 65. The covering material CM is stored in the storage
portion 68. The fiber material FB to be sent out through the
conveying path 65 passes through the covering material CM
that is stored in the storage portion 68, and the surface of the
fiber material FB is covered with the covering material CM.

FIG. 8 is a flowchart showing steps executed by the
shaping apparatus 1005 in the shaping processing according
to the second embodiment. The flowchart in FIG. is sub-
stantially the same as the flowchart in FIG. 6 described in the
first embodiment except that step P5 is added. Step P5
corresponds to a covering step of, before the fiber introduc-
ing step in step P10, generating the fiber material FB serving
as the covered fiber material by passing the fiber material FB
through the storage portion 68 in which the covering mate-
rial CM is stored. According to the shaping processing
according to the second embodiment, the surface of the fiber
material FB can be easily covered with the covering material
CM. A covering processing of the covering material CM is
completed only by conveying the fiber material FB, which
is efficient.

3 Third Embodiment

FIG. 9 is a schematic diagram showing a configuration of
a shaping apparatus 100¢ according to a third embodiment.
The shaping apparatus 100¢ according to the third embodi-
ment has substantially the same configuration as the shaping
apparatus 1005 according to the second embodiment except
that the introduction groove of the facing portion 50 is
omitted, and that the conveying path 65 of the fiber intro-
ducing unit 23 and the communication path 32 of the
material supply portion 30 are coupled to the material inlet
46 of the flat screw 40. In the shaping apparatus 100c
according to the third embodiment, the groove portion 42 of
the flat screw 40 functions as the introduction groove 57, and
the fiber material FB covered with the covering material CM
is guided to the communication hole 53 through the groove
portion 42. The shaping apparatus 100¢ according to the
third embodiment can also exert various operational effects
similar to those described in the second embodiment.
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4 Fourth Embodiment

FIG. 10 is a flowchart showing steps executed in shaping
processing according to a fourth embodiment. The flowchart
in FIG. 10 is substantially the same as the flowchart in FIG.
8 described in the second embodiment except that step P35
is added. The shaping processing according to the fourth
embodiment is executed by the shaping apparatus 1005
shown in FIG. 7 described in the second embodiment.

Step P35 corresponds to a fiber introduction control step
in which the control unit 10 controls an introduction speed
at which the fiber material FB is introduced into the shaping
material in accordance with a relative movement speed
between the nozzle unit 25 and the stage 72. The “introduc-
tion speed” corresponds to a length of the fiber material FB
to be send from the conveying path 65 per unit time. In the
fourth embodiment, the control unit 10 sets a target value of
the introduction speed of the fiber material FB to be larger
as the relative movement speed between the nozzle unit 25
and the stage 72 is larger, and controls a rotation speed of the
reel 62 around which the fiber material FB is wound
according to the target value of the introduction speed.

Thus, since the introduction speed of the fiber material FB
is controlled according to the relative movement speed
between the nozzle unit 25 and the stage 72, it is possible to
prevent a change in an amount or a state of the fiber material
FB to be introduced into the plasticized material that is
discharged from the nozzle opening 28 and is deposited on
the stage 72 due to a change in the relative movement speed
between the nozzle unit 25 and the stage 72. Since the
introduction speed of the fiber material FB is controlled to
be larger as the relative movement speed between the nozzle
unit 25 and the stage 72 is larger, the introduction of the fiber
material FB into the plasticized material can be prevented
from failing to catch up with a forming speed of the shaping
layer ML.

5 Fifth Embodiment

FIG. 11 is a schematic diagram showing a configuration
of a shaping apparatus 1004 according to a fifth embodi-
ment. The shaping apparatus 1004 according to the fifth
embodiment has substantially the same configuration as the
shaping apparatus 1005 according to the second embodi-
ment shown in FIG. 7 except for the following matters. In
the shaping apparatus 1004 according to the fifth embodi-
ment, the facing portion 50 does not have the introduction
groove 57, and the flat screw 40 has a through hole 47. The
fiber introducing unit 23 is provided above the plasticizing
unit 35, and the conveying path 65 of the fiber introducing
unit 23 is coupled to the through hole 47 of the flat screw 40.
A pressure control unit 90 is added to the fiber introducing
unit 23.

The flat screw 40 of the shaping apparatus 1004 has the
through hole 47 that penetrates from the upper surface 43 to
the central portion 45 of the groove forming surface 41 at a
position through which the rotation axis RX passes. The
through hole 47 is opened at the groove forming surface 41
and communicates with the communication hole 53 of the
facing portion 50. The accommodation unit 63 included in
the conveying unit 60 of the fiber introducing unit 23 is
disposed on the drive motor 37 of the flat screw 40. The
conveying path 65 is coupled to the through hole 47 of the
flat screw 40 through a drive shaft of the drive motor 37.
Thus, in the fiber introducing step, the fiber material FB is
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introduced into the plasticized material located at the central
portion 45 of the flat screw 40 through the through hole 47
of the flat screw 40.

The pressure control unit 90 is configured by a pump. The
pressure control unit 90 is coupled to the accommodation
unit 63 of the conveying unit 60, and controls the pressure
in the through hole 47 of the flat screw 40 through the
accommodation unit 63 and the conveying path 65 under the
control of the control unit 10.

FIG. 12 is a flowchart showing steps executed by the
shaping apparatus 1004 in shaping processing according to
the fifth embodiment. The flowchart in FIG. 12 is substan-
tially the same as the flowchart in FIG. 8 described in the
second embodiment except for the following matters. In
FIG. 12, step P15 is added, and instead of step P5 and step
P10, step P33 and step P35 are executed between step P30
and step P40.

Step P15 corresponds to a pressure control step in which
the control unit 10 controls the pressure control unit 90 to
control the pressure in the through hole 47 of the flat screw
40 to be higher than a pressure in the communication hole
53 of the facing portion 50. The pressure in the communi-
cation hole 53 is controlled by the control unit 10 controlling
the number of rotations of the flat screw 40. Step P15 is
started before the generation of the plasticized material in
step P20 is started, and is continued during the generation of
the plasticized material in the plasticizing unit 35. In the
pressure control step in step P15, the pressure in the through
hole 47 is controlled to be high, the plasticized material
collected in the central portion 45 of the flat screw 40 can be
prevented from flowing into the conveying path 65 of the
fiber material FB through the through hole 47. Therefore, in
the steps described below, inhibition of the introduction of
the fiber material FB into the plasticized material can be
prevented.

Step P33 corresponds to the covering step in step P5
described in the second embodiment. In step P33, the fiber
material FB sent from the accommodation unit 63 of the
fiber introducing unit 23 to the conveying path 65 is covered
with the covering material CM when passing through the
storage portion 68.

In the fifth embodiment, step P35 and step P40 correspond
to the discharging step. In step P35, the fiber material FB,
which is the covered fiber material covered with the cover-
ing material CM, is introduced into the plasticized material
before being discharged from the nozzle opening 28. In step
P35, the fiber material FB is introduced into the plasticized
material collected in the central portion 45 of the flat screw
40 through the through hole 47 of the flat screw 40. In step
P40, the plasticized material into which the fiber material FB
is introduced in step P35 is discharged from the nozzle
opening 28.

According to the shaping apparatus 100d according to the
fifth embodiment, the fiber material FB can be smoothly
introduced into the communication hole 53 of the facing
portion 50 through the through hole 47 of the flat screw 40.
Since the pressure in the through hole 47 of the flat screw 40
is controlled to be higher than the pressure in the commu-
nication hole 53 of the facing portion 50 by the pressure
control portion 90, the plasticized material of the central
portion 45 can be prevented from flowing into the through
hole 47.

6 Sixth Embodiment

FIG. 13 is a schematic diagram showing a configuration
of a shaping apparatus 100e according to a sixth embodi-
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ment. The shaping apparatus 100e according to the sixth
embodiment has substantially the same configuration as the
shaping apparatus 1005 according to the second embodi-
ment except for the following matters. In the shaping
apparatus 100e according to the sixth embodiment, the
introduction groove 57 of the facing portion 50 is omitted,
and the conveying path 65 of the fiber introducing unit 23 is
coupled to the introduction flow path 26 of the nozzle unit
25. The conveying path 65 is coupled to downstream of the
discharge amount control mechanism 80. The cutting unit 66
is provided in the accommodation unit 63 and is provided
near an entrance of the conveying path 65. According to the
shaping apparatus 100e, the fiber material FB covered with
the covering material CM can be introduced into the plas-
ticized material that is supplied from the plasticizing unit 35
to the nozzle unit 25 and before being discharged from the
nozzle opening 28. According to the configuration according
to the sixth embodiment, it is also possible to prevent the
mixing of air bubbles into the plasticized material due to the
introduction of the fiber material FB, as in the above
embodiments. The conveying path 65 of the fiber introduc-
ing unit 23 may be coupled to the nozzle flow path 27 instead
of the introduction flow path 26.

7 Seventh Embodiment

FIG. 14 is a schematic diagram showing a configuration
of a shaping apparatus 100/ according to a seventh embodi-
ment. The shaping apparatus 100f according to the seventh
embodiment has substantially the same configuration as the
shaping apparatus 1005 according to the second embodi-
ment except for the following matters. In the shaping
apparatus 100/ according to the seventh embodiment, the
cutting unit 66 of the fiber introducing unit 23 is omitted. In
the shaping apparatus 100f; instead of the discharge amount
control mechanism 80, a discharge amount control mecha-
nism 80a according to the seventh embodiment is provided
in the introduction flow path 26. As will be described later,
the discharge amount control mechanism 80a according to
the seventh embodiment has a function as a cutting unit that
cuts the fiber material FB in addition to a function of
controlling the discharge amount of the plasticized material
from the nozzle opening 28. The shaping apparatus 100/
further includes a motor 88 that generates a driving force,
and a gear unit 89 that switches a transmission destination of
the driving force of the motor 88 to the discharge amount
control mechanism 80a or the conveying unit 60 of the fiber
introducing unit 23. The motor 88 is configured by, for
example, a stepping motor. The switching of the transmis-
sion destination of the driving force of the motor 88 by the
control unit 10 will be described later.

FIG. 15 is a schematic diagram showing a configuration
of the discharge amount control mechanism 80a according
to the seventh embodiment. FIG. 15 schematically shows a
state in which the discharge amount control mechanism 80a
opens a flow path and the fiber material FB passes through
the opened flow path. The discharge amount control mecha-
nism 80a includes a butterfly valve 81, which is a valve
element that rotates in the introduction flow path 26, and a
cutter blade 82 provided around the butterfly valve 81. The
butterfly valve 81 is rotated by the driving force of the motor
88 shown in FIG. 14, and changes the opening area of the
introduction flow path 26 according to a rotation angle of the
butterfly valve 81. The control unit 10 controls the discharge
amount of the plasticized material from the nozzle opening
28 based on the rotation angle of the butterfly valve 81. The
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cutter blade 82 is provided at a position close to a rotation
area of the butterfly valve 81.

FIG. 16 is a schematic diagram illustrating a mechanism
in which the discharge amount control mechanism 80a cuts
the fiber material FB. FIG. 16 schematically shows how the
butterfly valve 81 of the discharge amount control mecha-
nism 80q rotates to cut the fiber material FB from the state
shown in FIG. 15. When the control unit 10 rotates the
butterfly valve 81 to close the introduction flow path 26, the
fiber material FB is sandwiched between an end portion of
the butterfly valve 81 during rotation and the cutter blade 82,
and is pressed against and cut by the cutter blade 82. After
the fiber material FB is cut, the butterfly valve 81 continues
to rotate and closes the introduction flow path 26.

The shaping apparatus 100f according to the seventh
embodiment executes shaping processing by the steps
shown in FIG. 8 described in the second embodiment. In the
shaping processing, the control unit 10 controls the motor 88
to drive and controls the gear unit 89 to switch the trans-
mission destination of the driving force generated by the
motor 88. When the fiber material FB is introduced in the
fiber introducing step in step P10, the control unit 10
transmits the driving force generated by the motor 88 to the
conveying unit 60 with the gear unit 89 and uses the driving
force to convey the fiber material FB.

When starting the discharge of the plasticized material
from the nozzle opening 28 in step P40, in order to adjust the
discharge amount, the control unit 10 temporarily switches
the transmission destination of the driving force generated
by the motor 88 to the discharge amount control mechanism
80a with the gear unit 89. Accordingly, the butterfly valve 81
of the discharge amount control mechanism 80a can be
rotated by the driving force generated by the motor 88, and
the discharge amount of the plasticized material can be
controlled.

In step P50, when stopping the discharge of the plasti-
cized material, the control unit 10 switches the transmission
destination of the driving force generated by the motor 88
from the conveying unit 60 to the discharge amount control
mechanism 80a, and rotates the butterfly valve 81. Accord-
ingly, the fiber material FB is cut, and the discharge of the
plasticized material from the nozzle openings 28 is stopped.
As described above, step P50 includes a cutting step of
cutting the fiber material FB, which is the covered fiber
material, by operating the discharge amount control mecha-
nism 80a.

According to the shaping apparatus 100/ according to the
seventh embodiment, since the conveying unit 60 of the fiber
introducing unit 23 and the discharge amount control
mechanism 80a can be driven by the common motor 88, a
size of the apparatus configuration can be reduced. Accord-
ing to the shaping apparatus 100f according to the seventh
embodiment, since the discharge amount control mechanism
80a can stop the discharge of the plasticized material at the
same time as cutting the fiber material FB, controllability of
the discharge of the shaping material from the nozzle
opening 28 is further improved.

8 Eighth Embodiment

FIG. 17 is a schematic diagram showing a configuration
of a discharge amount control mechanism 805 included in a
shaping apparatus 100g according to an eighth embodiment.
FIG. 17 schematically shows a state in which a rod 83 of the
discharge amount control mechanism 805 is positioned at an
initial position, which will be described later, and the fiber
material FB is being send to the nozzle flow path 27.
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The shaping apparatus 100g according to the eighth
embodiment has substantially the same configuration as the
shaping apparatus 1007 according to the seventh embodi-
ment except for the following matters. The shaping appa-
ratus 100g includes the discharge amount control mecha-
nism 805 having a configuration different from that of the
discharge amount control mechanism 80a described in the
seventh embodiment. The discharge amount control mecha-
nism 805 according to the eighth embodiment is provided in
the nozzle flow path 27. The discharge amount control
mechanism 806 realizes, by moving the rod 83 in a direction
intersecting the nozzle flow path 27 by a plunger mecha-
nism, a function of controlling the discharge amount of the
plasticized material and a function of cutting the fiber
material FB. The shaping apparatus 100g, which is not
shown, has a butterfly valve similar to the discharge amount
control mechanism 80 described in the first embodiment
upstream of the discharge amount control mechanism 805,
and can stop a discharge of the plasticized material from the
nozzle opening 28 by opening and closing the butterfly
valve.

The discharge amount control mechanism 805 includes
the rod 83 that performs a piston motion in the direction
intersecting the nozzle flow path 27, a drive mechanism 84
that drives the rod 83, a recessed portion 86 formed at the
internal wall surface of the nozzle flow path 27, and the
cutter blade 82 provided in the recessed portion 86. The rod
83 moves in a branch flow path 85 that is coupled to the
nozzle flow path 27. Similarly to the discharge amount
control mechanism 80a according to the seventh embodi-
ment, the discharge amount control mechanism 805 accord-
ing to the eighth embodiment receives a driving force of the
rod 83 from the motor 88 common to the conveying unit 60
shown in FIG. 14. The drive mechanism 84 instantaneously
moves the rod 83 by converting a rotational motion gener-
ated by the motor 88 into a linear motion.

First, a mechanism for controlling the discharge amount
of the plasticized material by the discharge amount control
mechanism 805 will be described. When the rod 83 is
instantaneously moved to a deep position deep in the branch
flow path 85, the plasticized material is drawn into the
branch flow path 85 in accordance with the movement of the
rod 83. Thus, a negative pressure is generated in the nozzle
flow path 27, and the plasticized material discharged from
the nozzle opening 27 is pulled back to the nozzle flow path
27, so that the discharge of the plasticized material from the
nozzle opening 28 can be temporarily stopped. In contrast,
when the rod 83 is moved from the deep position in the
branch flow path 85 toward the nozzle flow path 27, the
plasticized material in the branch flow path 85 is extruded
into the nozzle flow path 27, and the discharge amount of the
plasticized material can be temporarily increased. Thus, the
discharge amount control mechanism 805 can control the
discharge amount of the plasticized material from the nozzle
opening 28 by the movement of the rod 83.

Next, a mechanism for cutting the fiber material FB by the
discharge amount control mechanism 805 will be described.
The rod 83 can be instantaneously moved to protrude from
the branch flow path 85 into the nozzle flow path 27. A tip
of the rod 83 that is protruded into the nozzle flow path 27
is received by the recessed portion 86. The fiber material FB
is cut by a movement of the rod 83 of protruding toward the
recessed portion 86 as described below.

FIG. 18 is a schematic diagram illustrating a mechanism
in which the discharge amount control mechanism 805
according to the eighth embodiment cuts the fiber material
FB. FIG. 18 schematically shows how the rod 83 of the
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discharge amount control mechanism 805 is moved, from
the state shown in FIG. 17, in a direction in which the rod
83 protrudes into the nozzle flow path 27 to cut the fiber
material FB. As described above, the cutter blade 82 is
provided in the recessed portion 86 that receives the tip of
the rod 83. When the rod 83 is instantaneously moved
toward the recessed portion 86, the fiber material FB is
sandwiched between the tip of the rod 83 and the cutter
blade 82 in the recessed portion 86, and is pressed against
and cut by the cutter blade 82.

When the butterfly valve provided upstream of the control
unit 10 is closed to stop the discharge of the plasticized
material from the nozzle opening 28 or when the butterfly
valve is opened to restart the discharge of the plasticized
material, the control unit 10 of the shaping apparatus 100g
drives the discharge amount control mechanism 805 as
described below. While the plasticized material is dis-
charged from the nozzle opening 28, the rod 83 of the
discharge amount control mechanism 804 is located at a
position where the tip of the rod 83 closes an outlet of the
branch flow path 85 as shown in FIG. 17. Hereinafter, this
position is also referred to as an “initial position”.

When the butterfly valve is closed, the control unit 10
drives the discharge amount control mechanism 805 to
instantaneously move the rod 83 toward the recessed portion
86 to protrude from the initial position to the nozzle flow
path 27, thereby cutting the fiber material FB. Thereafter, the
negative pressure is generated in the nozzle flow path 27 by
instantaneously moving the rod 83 to the deep position in the
branch flow path 85 without leaving a gap therebetween.
Accordingly, the plasticized material flowing out from the
nozzle opening 28 is pulled back to the nozzle flow path 27,
so that the excessive plasticized material can be prevented
from dripping from the nozzle opening 28 in a string-like
manner after the discharge of the plasticized material is
stopped.

When the butterfly valve is opened to restart the discharge
of'the plasticized material, the control unit 10 returns the rod
83 that is located at the deep position in the branch flow path
85 to the initial position, thereby returning the plasticized
material that is drawn into the branch flow path 85 to the
nozzle flow path 27. Accordingly, the discharge amount of
the plasticized material can be temporarily increased when
the discharge of the plasticized material from the nozzle
opening 28 is restarted. Therefore, the restart of the dis-
charge of the plasticized material can be prevented from
being delayed due to an insufficient amount of the plasti-
cized material supplied to the nozzle flow path 27 when the
discharge of the plasticized material is restarted.

Thus, according to the discharge amount control mecha-
nism 805, when the discharge of the plasticized material
from the nozzle opening 28 is stopped, an outflow of the
plasticized material from the nozzle opening 28 can be
quickly stopped while cutting the fiber material FB. When
the discharge of the plasticized material from the nozzle
opening 28 is restarted, the plasticized material in the branch
flow path 85 is extruded by the rod 83, and the discharge
amount of the plasticized material from the nozzle opening
28 can be rapidly returned to a target value. That is,
according to the discharge amount control mechanism 805,
a higher responsiveness of the discharging unit 20 with
respect to the discharge control of the plasticized material by
the control unit 10 can be attained.

As described above, according to the shaping apparatus
100g according to the eighth embodiment, similarly to the
shaping apparatus 100f according to the seventh embodi-
ment, since the conveying unit 60 and the discharge amount
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control mechanism 805 are driven by the common motor 88,
a size of the apparatus configuration can be reduced. Further,
with the discharge amount control mechanism 8056, the
controllability of the discharge of the plasticized material
containing the fiber material FB from the nozzle opening 28
can be further improved.

9 Ninth Embodiment

FIG. 19 is a schematic diagram showing a configuration
of a shaping apparatus 100/ according to a ninth embodi-
ment. The shaping apparatus 100/ according to the ninth
embodiment has substantially the same configuration as the
shaping apparatus 1005 according to the second embodi-
ment shown in FIG. 7 except for the following matters. In
the shaping apparatus 100/ according to the ninth embodi-
ment, the conveying path 65 of the fiber introducing unit 23
is coupled to downstream of the nozzle opening 28. The fiber
introducing unit 23 is fixed to the nozzle unit 25 so as to be
relatively movable with respect to the stage 72 and the
nozzle unit 25. In the shaping apparatus 100/, the fiber
introducing unit 23 has a function of introducing the fiber
material FB, which is the covered fiber material, into the
plasticized material after being discharged from the nozzle
opening 28.

FIG. 20 is a flowchart showing steps executed by the
shaping apparatus 100/ in shaping processing according to
the ninth embodiment. FIG. 20 is substantially the same as
the shaping processing shown in FIG. 8 described in the
second embodiment except that instead of step P5 and step
P10, step P42 and step P45 that correspond to step P5 and
step P10 are provided between step P40 and step P50. Step
P42 is a step of covering the fiber material FB with the
covering material CM by passing the fiber material FB
through the storage portion 68 in which the covering mate-
rial CM is stored. Step P45 corresponds to the fiber intro-
ducing step of introducing the fiber material FB, which is the
covered fiber material covered with the covering material
CM, into the plasticized material after being discharged
from the nozzle opening 28 in the discharging step in step
P40.

According to the shaping apparatus 100/ according to the
ninth embodiment, the fiber introducing unit 23 can be easily
provided by retrofitting. In the shaping apparatus 100/
according to the ninth embodiment, since the fiber material
FBb does not pass through the nozzle opening 28, the fiber
diameter of the fiber material FB can be made larger than the
hole diameter Dn of the nozzle opening 28. In the ninth
embodiment, the fiber diameter of the fiber material FBb
may be, for example, from 10 um to 500 pm.

10 Other Embodiments

The various configurations described in the above
embodiments can be modified, for example, as follows.
Each of other embodiments described below is positioned as
an example of a mode for implementing the present disclo-
sure, similarly to each of the above embodiments.

10-1 Another Embodiment 1

In each of the embodiments other than the above first
embodiment, the storage portion 68 may be omitted, and the
fiber material FB that is covered with the covering material
CM in advance may be used as in the first embodiment. In
the first embodiment, the fiber introducing unit 23 may be
omitted, and the fiber material FB that is covered with the
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covering material CM in advance may be finely divided and
introduced into the shaping material of the material accom-
modation unit 31. The fiber material FB that is covered with
the covering material CM and that is finely divided may be
mixed into the pellets to be supplied to the material accom-
modation unit 31.

10-2 Another Embodiment 2

In each of the above embodiments, in addition to the fiber
material FB, a second fiber material different from the fiber
material FB may be introduced into the shaping material or
the plasticized material. The second fiber material may be
introduced into the shaping material or the plasticized mate-
rial by a second fiber introducing unit having the same
configuration as the fiber introducing unit 23 of the fiber
material FB described in each of the above embodiments.
The second fiber material may be a fiber material having a
fiber diameter different from that of the fiber material FB
serving as a first fiber material, or may be a fiber material
having a length different from that of the fiber material FB
serving as the first fiber material. The second fiber material
may be composed of a different type of fiber from the fiber
material FB serving as the first fiber material. The second
fiber material may be covered with the covering material
CM in advance, and may be introduced into the shaping
material of the material accommodation unit 31 in a finely
divided state. In addition, the second fiber material may be
mixed into the pellets to be supplied to the material accom-
modation unit 31 in a state in which the second fiber material
is covered with the covering material CM and is finely
divided.

10-3 Another Embodiment 3

In each of the above embodiments, instead of plasticizing
the thermoplastic resin with the flat screw 40 to generate the
plasticized material, the plasticized material may be gener-
ated by another method. For example, the plasticized mate-
rial may be generated with an in-line screw.

10-4 Another Embodiment 4

In the above third embodiment, the introduction groove
57 for introducing the fiber material FB may be formed in
the flat screw 40 separately from the groove portion 42 that
functions as the flow path of the plasticized material.

10-5 Another Embodiment 5

In the above fifth embodiment, the pressure control unit
90 may be omitted. In this case, in order to prevent the
plasticized material from flowing into the conveying path 65
of the fiber material FB from the flat screw 40, for example,
a portion where a gap between the through hole 47 and the
fiber material FB becomes small may be locally provided, or
a check valve structure for preventing the plasticized mate-
rial from flowing into the conveying path 65 may be
provided. The check valve structure may be configured by,
for example, an annular packing.

10-6 Another Embodiment 6

In the above ninth embodiment, the fiber introducing unit
23 may not be fixed to the nozzle unit 25. The fiber
introducing unit 23 may be configured by, for example, a
robot that embeds the fiber material FB covered with the
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covering material CM in the plasticized material discharged
to the stage 72 under the control of the control unit 10.

10-7 Another Embodiment 7

The configurations described in the above embodiments
can be appropriately extracted and combined. For example,
in the shaping apparatus, in addition to the configuration
according to the first embodiment or the second embodiment
in which the fiber material FB is introduced into the shaping
material, the configuration according to the ninth embodi-
ment in which the fiber material FB is introduced into the
plasticized material after being discharged from the nozzle
opening 28 may be combined. Alternatively, in addition to
the configuration according to the fifth embodiment or the
sixth embodiment in which the fiber material FB is intro-
duced into the plasticized material before being discharged
from the nozzle opening 28, the configuration according to
the ninth embodiment in which the fiber material FB is
introduced into the plasticized material after being dis-
charged from the nozzle opening 28 may be combined. The
fiber introduction control step in step P35 shown in FIG. 10
according to the fourth embodiment may be applied to each
of the above embodiments other than the fourth embodi-
ment. The pressure control unit 90 according to the fifth
embodiment may be applied to the conveying unit 60
according to each of the above embodiments. In this case,
the pressure control unit 90 may control a pressure in the
conveying path 65 to be higher than a pressure in the flow
path of the plasticized material. The configuration in which
the transmission destination of the driving force of the motor
88 is switched by the gear unit 89 according to the above
seventh embodiment or the above eighth embodiment, and
the discharge amount control mechanisms 80a and 806
having the function of cutting the fiber material FB may be
applied to the embodiments other than the seventh embodi-
ment and the eighth embodiment.

10-8 Another Embodiment 8

The discharge amount control mechanism 805 according
to the above eighth embodiment may include, instead of the
rod 83, a shutter valve capable of closing the nozzle flow
path 27. In this case, the shutter valve is moved toward the
recessed portion 86 by the drive mechanism 84 and received
by the recessed portion 86, so that the nozzle flow path 27
can be closed to stop the discharge of the plasticized material
from the nozzle opening 28 while cutting the fiber material
FB.

10-9 Another Embodiment 9

In each of the above embodiments, a method for manu-
facturing a three-dimensional shaped object including the
following steps may be applied. The method for manufac-
turing a three-dimensional shaped object is executed by a
three-dimensional shaping apparatus that manufactures a
three-dimensional shaped object by laminating a shaping
layer. The method includes a selection step of selecting a
fiber material corresponding to a thickness of the shaping
layer from a plurality of types of fiber materials having
different fiber diameters, and a shaping step of forming the
shaping layer by discharging a shaping material that
includes the fiber material selected in the selection step from
a nozzle opening. According to the manufacturing method
according to this aspect, the three-dimensional shaping
apparatus selects fiber materials having appropriate fiber
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diameters according to a thickness of the shaping layer from
the plurality of types of fiber materials, and introduces the
selected fiber materials into the shaping layer. Therefore, the
shaping layer includes the fiber materials having appropriate
fiber diameters, and strength of the three-dimensional
shaped object can be enhanced. A decrease in productivity of
the three-dimensional shaped object due to times and efforts
required for replacing and loading the fiber materials having
different fiber diameters to the three-dimensional shaping
apparatus can be prevented.

10-10 Another Embodiment 10

In each of the above embodiments, a method for manu-
facturing a three-dimensional shaped object including the
following steps may be applied. The method for manufac-
turing a three-dimensional shaped object includes: a plasti-
cizing step of plasticizing at least a part of a shaping material
containing a first fiber material and a thermoplastic resin to
generate a plasticized material that is to be discharged from
a nozzle opening so as to shape a three-dimensional shaped
object; a fiber introducing step including either a step of
introducing a second fiber material longer than the first fiber
material into the shaping material or the plasticized material
before being discharged from the nozzle opening, or a step
of introducing the second fiber material into the plasticized
material after being discharged from the nozzle opening; and
a shaping step of shaping the three-dimensional shaped
object containing the first fiber material and the second fiber
material. According to this manufacturing method, the first
fiber material and the second fiber material having different
lengths can be combined and mixed in the three-dimensional
shaped object so that strengths of the first fiber material and
the second fiber material in various directions are mutually
reinforced. Therefore, strength of the three-dimensional
shaped object in various directions can be easily improved.

11 Overview

(1) A method for manufacturing a three-dimensional
shaped object according to an aspect of the present disclo-
sure includes: a plasticizing step of plasticizing at least a part
of a shaping material containing a thermoplastic resin to
generate a plasticized material; a fiber introducing step
including at least one of a step of introducing a covered fiber
material, which is a fiber material covered with a covering
material, into the plasticized material after being discharged
from a nozzle opening, and a step of introducing the covered
fiber material into the shaping material or the plasticized
material before being discharged from the nozzle opening;
and a shaping step of shaping a three-dimensional shaped
object that includes the covered fiber material. According to
this manufacturing method, in the fiber introducing step, the
covering material that covers a surface of the covered fiber
material can prevent air bubbles from adhering to a surface
of'the fiber material and mixing into the plasticized material.
Therefore, a decrease in strength of the three-dimensional
shaped object due to the mixing of the air bubbles into the
plasticized material can be prevented.

(2) In the manufacturing method according to the above
aspect, an absolute value of a difference between an SP value
of the thermoplastic resin and an SP value of the covering
material may be 5.0 or less. According to the manufacturing
method according to this aspect, affinity between the ther-
moplastic resin and the covering material can be increased,
and the covered fiber material and the plasticized material
can be more compatible with each other. Therefore, the
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decrease in strength of the three-dimensional shaped object
due to the mixing of the air bubbles into the plasticized
material can be further prevented when introducing the
covered fiber material.

(3) In the manufacturing method according to the above
aspect, the covering material may contain a thermoplastic
resin of the same type as the thermoplastic resin contained
in the plasticized material. According to the manufacturing
method according to this aspect, since the thermoplastic
resin and the covering material are the same type of material,
the plasticized material is more compatible with the surface
of the covered fiber material. Therefore, the decrease in
strength of the three-dimensional shaped object due to the
mixing of the air bubbles into the plasticized material can be
further prevented when introducing the covered fiber mate-
rial.

(4) The manufacturing method according to the above
aspect may further include a covering step of, before the
fiber introducing step, generating the covered fiber material
by passing the fiber material through a storage portion in
which the covering material is stored. According to the
manufacturing method according to this aspect, the surface
of the fiber material can be easily covered with the covering
material.

(5) In the manufacturing method according to the above
aspect, the plasticizing step may include, in a plasticizing
apparatus that includes a flat screw that has a groove forming
surface in which a groove portion is formed, a facing portion
that has a facing surface facing the groove forming surface
and that is formed with a communication hole communi-
cating with the nozzle opening, and a heater that is config-
ured to heat the flat screw or the facing portion, a step of
guiding at least a part of the thermoplastic resin supplied
between the flat screw and the facing portion to the com-
munication hole while plasticizing the thermoplastic resin
by rotation of the flat screw and heating of the heater.
According to the manufacturing method according to this
aspect, a size of an apparatus for executing the plasticizing
step can be reduced with the flat screw in the plasticizing
step. Further, since the control of the pressure and the flow
rate of the plasticized material supplied to the nozzle open-
ing is facilitated by the rotation control of the flat screw,
accuracy of discharging the plasticized material can be
increased, and accuracy of shaping the three-dimensional
shaped object can be increased.

(6) In the manufacturing method according to the above
aspect, the groove forming surface or the facing surface may
have an introduction groove that guides the fiber material
from a side of the flat screw or the facing portion to the
communication hole, and in the fiber introducing step, the
covered fiber material may be introduced into the shaping
material through the introduction groove. According to the
manufacturing method according to this aspect, the plasti-
cized material can be more compatible with the surface of
the covered fiber material by using a pressure in the groove
portion of the flat screw increasing toward the communica-
tion hole. Therefore, the air bubbles can be further prevented
from being mixed into the plasticizing material when intro-
ducing the covered fiber material into the plasticized mate-
rial.

(7) In the manufacturing method according to the above
aspect, the flat screw may have a through hole that is opened
in the groove forming surface and that communicates with
the communication hole, and the fiber introducing step may
include a step of introducing the covered fiber material into
the plasticized material through the through hole. According
to the manufacturing method according to this aspect, the
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covered fiber material can be smoothly introduced into the
communication hole of the facing portion through the
through hole of the flat screw.

(8) In the manufacturing method according to the above
aspect, the fiber introducing step may include a pressure
control step of controlling a pressure in the through hole to
be higher than a pressure in the communication hole.
According to the manufacturing method according to this
aspect, since the pressure in the through hole is controlled to
be high, it is possible to prevent the introduction of the
covered fiber material from being hindered due to the flow
of the plasticized material into the through hole.

(9) In the manufacturing method according to the above
aspect, the shaping step may include a moving step of
relatively moving a stage at which the three-dimensional
shaped object is supported and a nozzle unit having the
nozzle opening, and a fiber introduction control step of
changing an introduction speed at which the covered fiber
material is introduced into the shaping material or the
plasticized material in accordance with a relative movement
speed between the nozzle unit and the stage in the moving
step. According to the method for manufacturing a three-
dimensional shaped object according to this aspect, during
the shaping of the three-dimensional shaped object, it is
possible to prevent a change in an amount or a state of the
fiber material contained into the discharged plasticized
material due to a change in the relative movement speed
between the nozzle opening and the stage. Accordingly, the
fiber material can be introduced into the three-dimensional
shaped object in a more stable state, and the strength of the
three-dimensional shaped object can be further enhanced.

(10) The manufacturing method according to the above
aspect may further include a cutting step of cutting the fiber
material before or after the fiber introducing step. According
to the manufacturing method according to this aspect, by
cutting the fiber material, adjustment of a length of the fiber
material to be introduced into the three-dimensional shaped
object, control of stopping the introduction of the fiber
material into the plasticized material, and the like can be
easily executed.

(11) In the manufacturing method according to the above
aspect, the cutting step may include a step of cutting the
covered fiber material by operating a discharge amount
control mechanism that is provided upstream of the nozzle
opening and that is configured to control a discharge amount
of the plasticized material. According to the manufacturing
method according to this aspect, the discharge amount
control mechanism can control the discharge amount of the
plasticized material and the introduction of the covered fiber
material into the plasticized material, which is efficient.

(12) In the method for manufacturing a three-dimensional
shaped object according to the above aspect, the discharge
amount control mechanism may be driven by a motor, and
the fiber introducing step may include a step of transmitting
a driving force generated by the motor to a conveying unit
of the covered fiber material to convey the covered fiber
material. According to the manufacturing method according
to this aspect, since the conveying unit and the discharge
amount control mechanism can be driven by the common
motor, a size of the apparatus configuration can be reduced.

(13) A three-dimensional shaping apparatus according to
another aspect of the present disclosure includes: a plasti-
cizing unit configured to plasticize at least a part of a shaping
material containing a thermoplastic resin to generate a
plasticized material; a discharging unit having a nozzle
opening; a fiber introducing unit having at least one of a
function of introducing a covered fiber material, which is a
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fiber material covered with a covering material, into the
plasticized material after being discharged from the nozzle
opening, and a function of introducing the covered fiber
material into the shaping material or the plasticized material
before being discharged from the nozzle opening; and a
control unit configured to control the plasticizing unit, the
discharging unit, and the fiber introducing unit to shape a
three-dimensional shaped object including the covered fiber
material. According to the three-dimensional shaping appa-
ratus according to this aspect, when the covered fiber
material is introduced into the plasticized material, the
covering material can prevent air bubbles from adhering to
the surface of the covered fiber material and being mixed
into the plasticized material. Therefore, the decrease in
strength of the three-dimensional shaped object due to the
mixing of the air bubbles into the plasticized material can be
prevented.

What is claimed is:

1. A method for manufacturing a three-dimensional

shaped object, comprising:

a plasticizing step of plasticizing at least a part of a
shaping material containing a thermoplastic resin to
generate a plasticized material;

a fiber introducing step including at least one of a step of
introducing a covered fiber material, which is a first
fiber material covered with a covering material, into the
plasticized material after being discharged from a
nozzle opening, and a step of introducing the covered
fiber material into the shaping material or the plasti-
cized material before being discharged from the nozzle
opening;

a cutting step of cutting the covered fiber material after the
fiber introducing step, the cutting step including a step
of cutting the covered fiber material by operating a
discharge amount control mechanism, which is config-
ured to control a discharge amount of the plasticized
material from the nozzle opening, that is provided
upstream of the nozzle opening to cut the covered fiber
material disposed between the discharge amount con-
trol mechanism and a cutter blade provided in an
introduction flow path that delivers the plasticized
material to the nozzle opening; and

a shaping step of shaping a three-dimensional shaped
object including the covered fiber material,

wherein the discharge amount control mechanism has a
valve that rotates about an axis intersecting a direction
in which the introduction flow path extends, and
wherein in the cutting step, the covered fiber material
is sandwiched and cut between the valve and the cutter
blade by rotating the valve.

2. The method for manufacturing a three-dimensional

shaped object according to claim 1, wherein

an absolute value of a difference between an SP value of
the thermoplastic resin and an SP value of the covering
material is 5.0 or less.

3. The method for manufacturing a three-dimensional

shaped object according to claim 1, wherein

the covering material includes a thermoplastic resin of the
same type as the thermoplastic resin contained in the
plasticized material.

4. The method for manufacturing a three-dimensional

shaped object according to claim 1, further comprising:

a covering step of, before the fiber introducing step,
generating the covered fiber material by passing the
fiber material through a storage portion in which the
covering material is stored.
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5. A method for manufacturing a three-dimensional

shaped object, comprising:

a plasticizing step of plasticizing at least a part of a
shaping material containing a thermoplastic resin to
generate a plasticized material;

a fiber introducing step including at least one of a step of
introducing a covered fiber material, which is a first
fiber material covered with a covering material, into the
plasticized material after being discharged from a
nozzle opening, and a step of introducing the covered
fiber material into the shaping material or the plasti-
cized material before being discharged from the nozzle
opening;

a cutting step of cutting the covered fiber material after the
fiber introducing step, the cutting step including a step
of cutting the covered fiber material by operating a
discharge amount control mechanism, which is config-
ured to control a discharge amount of the plasticized
material from the nozzle opening, that is provided
upstream of the nozzle opening to cut the covered fiber
material disposed between the discharge amount con-
trol mechanism and a cutter blade provided in an
introduction flow path that delivers the plasticized
material to the nozzle opening; and

a shaping step of shaping a three-dimensional shaped
object including the covered fiber material,

wherein the plasticizing step includes, in a plasticizing
apparatus that includes a flat screw that has a groove
forming surface in which a groove portion is formed, a
facing portion that has a facing surface facing the
groove forming surface and that is formed with a
communication hole communicating with the nozzle
opening, and a heater that is configured to heat the flat
screw or the facing portion, a step of guiding at least a
part of the thermoplastic resin supplied between the flat
screw the facing portion to the communication hole
while plasticizing the thermoplastic resin by rotation of
the flat screw and heating of the heater.

6. The method for manufacturing a three-dimensional

shaped object according to claim 5, wherein

the groove forming surface or the facing surface has an
introduction groove that is configured to guide the fiber
material from a side of the flat screw or the facing
portion to the communication hole, and

in the fiber introducing step, the covered fiber material is
introduced into the shaping material through the intro-
duction groove.

7. The method for manufacturing a three-dimensional

shaped object according to claim 5, wherein

the flat screw has a through hole that is opened in the
groove forming surface and that communicates with the
communication hole, and

the fiber introducing step includes a step of introducing
the covered fiber material into the plasticized material
through the through hole.

8. The method for manufacturing a three-dimensional

shaped object according to claim 7, wherein

the fiber introducing step includes a pressure control step
of controlling a pressure in the through hole to be
higher than a pressure in the communication hole.

9. The method for manufacturing a three-dimensional

shaped object according to claim 1, wherein

the shaping step includes:

a moving step of relatively moving a stage at which the
three-dimensional shaped object is supported and a
nozzle unit having the nozzle opening; and
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a fiber introduction control step of changing an introduc-
tion speed at which the covered fiber material is intro-
duced into the shaping material or the plasticized
material in accordance with a relative movement speed
between the nozzle unit and the stage in the moving
step.

10. The method for manufacturing a three-dimensional

shaped object according to claim 1, wherein

the discharge amount control mechanism is driven by a
motor, and

the fiber introducing step includes a step of transmitting a
driving force generated by the motor to a conveying
unit of the covered fiber material to convey the covered
fiber material.

11. A three-dimensional shaping apparatus, comprising:

aplasticizing unit configured to plasticize at least a part of
a shaping material containing a thermoplastic resin to
generate a plasticized material;

a discharging unit having a nozzle opening;

a fiber introducing unit having at least one of a function
of introducing a covered fiber material, which is a fiber
material covered with a covering material, into the
plasticized material after being discharged from the
nozzle opening, and a function of introducing the
covered fiber material into the shaping material or the
plasticized material before being discharged from the
nozzle opening;

a discharge control mechanism configured to control a
discharge amount of the plasticized material from the
nozzle opening, the discharge control mechanism being
provided upstream of the nozzle opening;

a cutter blade cooperating with the discharge control
mechanism to cut the covered fiber material disposed
between the discharge amount control mechanism and
the cutter blade, the cutter blade being provided in an
introduction flow path that delivers the plasticized
material to the nozzle opening;

a control unit configured to control the plasticizing unit,
the discharging unit, and the fiber introducing unit to
shape a three-dimensional shaped object including the
covered fiber material; and

a discharge amount control mechanism configured to
control a discharge amount of the plasticized material
from the nozzle opening and simultaneously cutting the
covered fiber material.

12. A method for manufacturing a three-dimensional

shaped object, comprising:

a plasticizing step of plasticizing at least a part of a
shaping material containing a thermoplastic resin to
generate a plasticized material;

a fiber introducing step including at least one of a step of
introducing a covered fiber material, which is a first
fiber material covered with a covering material, into the
plasticized material after being discharged from a
nozzle opening, and a step of introducing the covered
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fiber material into the shaping material or the plasti-
cized material before being discharged from the nozzle
opening;

a cutting step of cutting the covered fiber material after the

fiber introducing step, the cutting step including a step
of cutting the covered fiber material by operating a
discharge amount control mechanism, which is config-
ured to control a discharge amount of the plasticized
material from the nozzle opening, that is provided
upstream of the nozzle opening to cut the covered fiber
material disposed between the discharge amount con-
trol mechanism and a cutter blade provided in an
introduction flow path that delivers the plasticized
material to the nozzle opening; and

a shaping step of shaping a three-dimensional shaped

object including the covered fiber material,

wherein the discharge amount control mechanism has a

valve that rotates about an axis intersecting a direction
in which the introduction flow path extends, and has a
rod located downstream of the valve and arranged in a
branch flow path connected to the introduction flow
path, the branch flow path extending along a direction
intersecting the direction in which the introduction flow
path extends, and in the cutting step, the covered fiber
material is sandwiched and cut between the rod and the
cutter blade by moving the rod to protrude from the
branch flow path into the introduction flow path.

13. The method for manufacturing a three-dimensional
shaped object according to claim 12, wherein in the cutting
step, after rotating the valve to stop discharging the plasti-
cized material from the nozzle opening, moving the rod to
protrude from the branch flow path into the introduction
flow path so as to sandwich and cut the covered fiber
material between the rod and the cutter blade, and then
moving the rod into the branch flow path so as to suction the
plasticized material in the introduction flow path into the
branch flow path.

14. The method for manufacturing a three-dimensional
shaped object according to claim 1, further comprising a
selection step of selecting the first fiber material correspond-
ing to a thickness of a shaping layer from a plurality of types
of fiber materials having different fiber diameters, and in the
shaping step, shaping the three-dimensional shaped object
by laminating the shaping layer including the first fiber
material selected in the selection step and the plasticized
material.

15. The method for manufacturing a three-dimensional
shaped object according to claim 1, wherein the shaping
material contains a second fiber material having a fiber
length shorter than that of the first fiber material.

16. The method for manufacturing a three-dimensional
shaped object of claim 1, further comprising a discharge
amount control step of controlling a discharge amount of the
plasticized material and simultaneously cutting the covered
fiber material.



